The BOK is intended to define the "knowledge, skills, and attitudes" required for the future and is not regulatory or intended to be prescriptive. Many of the outcomes defined in the BOK may be considered traditional for civil engineering. For example, BOK Outcome 14 at the baccalaureate level states graduates should be able to "analyze and solve well-defined engineering problems in at least four technical areas appropriate to civil engineering" without specifying the four areas. This is very similar to a long-standing provision within civil engineering program accreditation criteria. Correspondingly, there are other portions of the BOK that may be described as "aspirational" for the formal education and early career development of the future civil engineering professional. Accordingly, it is understood and expected that while some of the BOK outcomes directly translate into today's accreditation and licensure requirements, others do not.
ABET Accreditation ABET accreditation
3 is the primary regulatory mechanism to assure engineering programs and their graduates meet minimum academic standards and expectations. While ABET accreditation criteria define a minimum academic standard, it still allows flexibility for programs to define their own objectives and outcomes, along with assessment processes. ABET mandates that there "must be a documented, systematically utilized, and effective process, involving program constituencies, for the periodic review of these program educational objectives that ensures they remain consistent with the institutional mission, the program's constituents' needs, and these criteria." Considering student outcomes and curricular content, the relevant ABET accreditation criteria are the General Criterion 3, Student Outcomes; General Criterion 5, Curriculum; and Program Criteria. These criteria are provided in Appendices B.1, B.2 and B.3, respectively. The General Criteria are applicable to all engineering disciplines whereas the Program Criteria are specific to each discipline.
Conceptually, since portions of the BOK are aspirational and ABET criteria are today's minimum standard for academic programs, one would expect ABET criteria to be equal to or less than the BOK recommended outcomes in terms of both level and breadth of achievement. As such, the Civil Engineering Program Criteria (CEPC) has been revised based upon both the first and second (current) editions of the BOK 5, 6 . The relationship between the BOK outcomes and ABET accreditation criteria is presented in Appendix H of the BOK Report 2 and most recently reported on by Estes et al 5 .
Note that ABET 2 has proposed a variety of changes to the General Criteria, with perhaps the most significant changes being to Criterion 3 Student Outcomes. While the current ABET criteria are considered in this paper, the proposed new Criterion 3 is provided in Appendix B.4 for reference. The proposed changes to Criterion 5 Curriculum are more editorial than substantive and, therefore, not included.
Fundamentals of Engineering (FE) Exam
The FE exam is the first of two tests required for professional licensure. The FE is intended to be taken by engineering students who are nearing completion of their degree or who have recently graduated. The FE exam is well defined and rather prescriptive in its content. The current FE exam is computer-based (versus pencil and paper) and includes 110 multiple-choice questions distributed into defined topic areas based on the discipline. For civil engineering, the FE exam includes 18 different topical areas.
7 A complete breakdown of topic areas, number of questions included for each topic area, and the specific subjects within each area of the civil engineering FE exam is provided in Table 1 . Table 2 lists the topic areas, number of questions, and performance indices for each topical area for January/February and April/May exam period. Some of the lowest performance indices are in the traditional areas of civil engineering (hydraulics and hydrologic systems, structural analysis, structural design, geotechnical engineering, transportation engineering, environmental engineering, and surveying). Most of these also have lower variability in performance, indicating exam takers not only do poorer in these areas, but their performance is also consistently poor across all examinees. To better understand the relative values of the performance indices and to provide a base of comparisons, Table 3 provides the performance indices for some of the basic topic areas that are included in the FE exams of the other large engineering disciplines. It is important to note that direct comparisons across topic areas would be inappropriate as specific subjects within each topic area differ by discipline. Nonetheless, the data in Table 3 indicates that test-takers' performance on the civil engineering FE exam is quite similar to the performance on other discipline exams in these common topic areas. Consequently, based on the FE performance data, it is reasonable to conclude civil engineering students are consistently performing more poorly on the traditional civil discipline specific subject matter than on engineering support subjects such as mathematics, computational tools, statistics, ethics, and engineering economics.
General Observations on Alignment
Is it reasonable to assume the BOK outcomes, ABET accreditation criteria, and FE exam content are appropriately aligned and supportive of the profession?
Full alignment between the BOK outcomes, ABET accreditation criteria, and the content of the FE may not be possible or practical since each is controlled by a different organization -ASCE, ABET and NCEES, respectively. However, it may be reasonable to assume some level of coordination and alignment because of common constituency groups shared by these three organizations. In fact, ASCE is the lead society for the ABET Civil Engineering Program Criteria (CEPC) and, as noted previously, the CEPC has been revised based upon both the first and second (current) editions of the BOK 5, 6 . Therefore, there is considerable alignment between the BOK outcomes and ABET accreditation criteria. Estes et al. 5 provided a full analysis of the difference or gap between the current ABET Civil Engineering Criteria (general criteria plus program criteria) and the BOK outcomes.
As an aside, it is interesting to note that one topic where the ABET criteria might go beyond the expectations of the BOK outcomes is an explicit reference to professional licensure. However, since (1) the BOK defines the knowledge, skills and attitudes expected of an individual "entering the practice of civil engineering at the professional level" (to be a licensed professional engineer) and (2) pre-licensure education and experience are central themes of the BOK, the fact that licensure is not explicitly included in any of the 24 outcomes is perhaps not overly surprising. Nevertheless, awareness of the importance of licensure and, specifically, knowledge of the licensure process, content and expectations for passing the FE and PE exams, and the expectations and requirements for pre-licensure experience should be considered for explicit inclusion in the next edition of the BOK.
Since no formal connection exists between (1) ASCE's BOK or ABET's criteria and (2) NCEES's FE exam, one might speculate that academic programs may not be adequately preparing their graduates to be successful on the FE exam. Any potential misalignment might be evidenced in lower-than-expected performance on the FE. Table 4 provides the pass rate on the FE for first-time test takers. At 70% the civil engineering pass rate has the second lowest pass rate of the seven different FE exams. The civil engineering FE exam was taken by 4874 of the 12,835 (38%) first-time test takers, the most of the seven exams. In comparison, the mechanical engineering FE exam had second most number of takers with 3547 (28%) and the highest pass rate at 82%. 
Comparison of the BOK, ABET Accreditation and FE Exam
How well aligned are the published BOK outcomes, ABET accreditation criteria, and the content of the FE exam? Table 5 provides a side-by-side comparison of the topic areas included in the FE exam with relevant ABET accreditation criteria and BOK outcomes, specifically those associated with the bachelors degree. A qualitative review of Tables 1 and 5 reveals many topic areas of the FE exam have directly supporting accreditation criteria and BOK outcomes; mathematics, probability and statistics, and ethics and professional practice are FE exam areas that appear to have a strong alignment with ABET accreditation criteria and BOK outcomes. Other FE exam topic areas have only moderately related accreditation criterion and BOK outcomes. Computational tools, for example, on the FE exam are focused on structured programming and spreadsheet calculations. ABET and the BOK approach computational tools in a more general manner and as part of a broader set of modern tools and techniques needed for professional practice, and therefore have a moderate rather than strong alignment with ABET accreditation and BOK outcomes.
Engineering economics, statics, dynamics, mechanics of materials, materials, and fluid mechanics are FE topic areas that are within a traditional civil engineering curriculum. ABET accreditation criteria, though, do not prescribe specific topics, allowing these to count as part of the required "one and one-half years of engineering topics, consisting of engineering sciences and engineering design appropriate to the student's field of study." Statics, dynamics, mechanics of materials, and fluid mechanics are expected to be included in all or most civil engineering curricula owing to these topics serving as prerequisites to a wide variety of civil engineering topics and courses. Therefore, these topics appear to have modest alignment with ABET accreditation criteria, relying heavily on tradition. Engineering economics and materials, however, may or may not be part of all or most civil engineering programs through tradition and follow-on courses. Accordingly, engineering economics and materials may have weak alignment with ABET accreditation criteria. The BOK's Outcome 6 states that graduates must be able to "analyze and solve problems in solid and fluid mechanics." This specifically relates to the FE exam topic areas of statics, dynamics, mechanics of materials, and fluid mechanics, hence alignment between the FE and BOK may be assumed strong in these areas. Engineering economics is not explicitly included in any BOK outcome, so it would be considered to have weak alignment with the BOK. While the topic area of materials is explicitly included in a stand-alone BOK outcome, it may be interpreted to be more fundamentally orientated towards material science than mix design, macro-material properties and test methods. Materials may even be considered a separate technical area within civil engineering (e.g., ASCE publishes the Journal of Materials in Civil Engineering). Regardless, materials may be considered to have moderate alignment between the FE exam and the BOK.
Approximately half of the FE exam includes questions in the following traditional technical areas of civil engineering: hydraulics and hydrologic systems, structural analysis, structural design, geotechnical engineering, transportation engineering, environmental engineering, and surveying. The ABET CEPC, which is consistent with the BOK, requires graduates to be able to "analyze and solve problems in at least four technical areas appropriate to civil engineering." Hydraulics and Hydrologic Systems 3(c): an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability 5(b): one and one-half years of engineering topics, consisting of engineering sciences and engineering design appropriate to the student's field of study. 5: Students must be prepared for engineering practice through a curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating appropriate engineering standards and multiple realistic constraints. CEPC: analyze and solve problems in at least four technical areas appropriate to civil engineering CEPC: design a system, component, or process in at least two civil engineering contexts 9: Design a system or process to meet desired needs within such realistic constraints as economic, environmental, social, political, ethical, health and safety, constructability, and sustainability 14: Analyze and solve well-defined engineering problems in at least four technical areas appropriate to civil engineering Structural Analysis
Structural Design Geotechnical Engineering Transportation Engineering Environmental Engineering
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The current accreditation criteria and BOK specify that civil engineers should have a breadth of knowledge in civil engineering across at least four areas appropriate to civil engineering, but it does not prescribe the four areas. By not specifying the four areas, ABET and the BOK promote the idea of programs working with their constituency groups to include appropriate and relevant engineering content, within defined bounds, and set appropriate learning outcomes. The FE exam, however, requires all civil engineering FE test takers to answer questions in all eight areas (seven areas if structural analysis and structural design are considered one area) that are prescribed. This results in what would be considered a weak alignment between the FE exam and both ABET criteria and the BOK.
A final area of potential discrepancy is the area of design, which is not specific to any FE exam topic area but is explicitly stated in multiple ABET criterion and the BOK. The BOK's Outcome 9 calls for graduates to "design a system or process to meet desired needs within such realistic constraints as economic, environmental, social, political, ethical, health and safety, constructability, and sustainability." The ABET General Criterion 3 requires "an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability." ABET General Criterion 5 also requires that "students must be prepared for engineering practice through a curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating appropriate engineering standards and multiple realistic constraints." The ABET Civil Engineering Program Criteria requires the curriculum to prepare graduates to "design a system, component, or process in at least two civil engineering contexts" and to "include principles of sustainability in design." In comparison, the FE exam explicitly includes design in three topic areas: (1) materials, including concrete and asphalt mix design; (2) structural design, including steel and concrete structures; and (3) transportation engineering, including geometric design of streets and highways, geometric design of intersections, and pavement system design (e.g., thickness, subgrade, drainage, rehabilitation). Arguably, mix design as included in the materials section of the FE exam may not meet the design level expected in the BOK or ABET, but certainly the topics included in structural design and transportation engineering would be expected to be true design problems. The FE may also implicitly include design in other areas as well, such as in hydraulics and hydrologic systems, environmental engineering, and geotechnical engineering. Regardless, the BOK and ABET do not prescribe areas of design experience or preparation, but the FE exam requires design in multiple areas, including structural steel design, reinforced concrete design, geometric design of roads, highways, and intersections, and pavement design. This results in what is considered as a weak alignment between the FE exam and both ABET criteria and the BOK in terms of design expectations.
Assessment of Comparisons
Are the identified weak alignments between the BOK outcomes, ABET accreditation criteria, and the FE exam resulting in a lower-than-expected test-taker performance?
A summary of the qualitative assessment of the alignment between the FE exam and both ABET accreditation criteria and the BOK is provided in Tables 6A and 6B. Also included in Tables 6A  and 6B are the ABET comparator average performance indices from Table 2 ; an asterisk indicates the performance index is in the lower half of all indices for the Civil Engineering FE Tables 1 and 2. Table 6B is ordered by the ABET comparator average performance index from low to high. Ten of the 18 topic areas were identified as having a weak alignment between ABET accreditation criteria and the FE exam content; 8 of 18 topic areas were determined to have either strong or moderate alignment. Similarly, 9 of 18 topic areas were determined as having weak alignment between the FE exam and the BOK with remaining 9 topic areas classified as having either a moderate or strong alignment. The topic area of materials was rated as having weak alignment between the FE exam content and ABET criteria yet moderate alignment with the BOK.
Except for engineering economics, all FE topic area identified as having weak alignment with ABET accreditation criteria or the BOK outcomes had performance indices in the lower half of all scores. Of the 8 FE exam topic areas rated with strong or moderate alignment with ABET accreditation criteria, only mechanics of materials had a performance index in the lower half of all scores. The materials topic area had the highest performance index within the lower half and was rated as weak with respect to ABET criteria and as moderate with the BOK. 
Evaluation and Implications
Are the identified weak alignments between the BOK outcomes, ABET accreditation criteria, and the FE exam valid and do they contribute to a lower-than-expected pass rate?
As noted in the previous section and as presented in Table 6A , there is a strong correlation between the results of qualitative comparison and the performance index for the various FE exam topic areas. For example, considering ABET accreditation criteria, 8 of the 10 topic areas identified as having a weak alignment had performance indices in the lower half of all topic areas. These topic areas include surveying, structural analysis, structural design, transportation engineering, hydraulics and hydrologic systems, geotechnical engineering, environmental engineering, and materials. Similarly, 7 of the 8 topic areas noted as having strong or moderate alignment corresponded with the higher half of the performance indices, and included mathematics, statics, dynamics, computational tools, probability and statistics, fluid mechanics, and ethics and professional practice. The strong correlation indicates that the comparisons and the weak (8 of 10) and moderate/strong ratings (7 of 8) for alignment are, for the most part, valid and accurate. The three exceptions to the observed correlation are mechanics of materials, construction, and engineering economics. Mechanics of materials has a lower performance index yet was rated as having a moderate alignment between ABET accreditation criteria and the FE exam, and a strong alignment between the BOK and the FE. Construction and engineering economics both had higher performance indices but were rated as having a weak alignment with the FE exam for both ABET and the BOK. To fully understand and explain reasons for these three inconsistences would require a more in-depth analysis. Possible explanation may be related to the specific evolution of civil engineering curricula as dictated by both accreditation criteria and constituency input.
All in all, with 15 of 18 topic areas showing a strong correlation between the rated level of alignment (weak, moderate/strong) and test-taker performance (performance index), a reasonable conclusion is that a misalignment exists between what is expected of academic programs for their graduates, whether in terms of aspirational expectations expressed by the BOK or the minimum expectations as defined by ABET, and what is expected of civil engineering graduates through the FE exam. Furthermore, based on the qualitative comparisons and assessment of alignment with results of the FE exam (Tables 6A and 6B) , there is good reason to conclude that the BOK, ABET accreditation criteria, and the FE exam are not properly or adequately aligned, and that this misalignment results in a lower-than-expected or desired pass rates on the FE exam.
The relationship between lower performance indices and the breadth of civil engineering technical areas is indisputable; the only civil engineering technical topic area not in the lower half of performance indices is construction. ABET accreditation and the BOK both promote having programs work with their constituency groups to include program content within defined bounds (e.g., "at least four technical areas appropriate to civil engineering"). ABET 2 states that the "criteria are intended to assure quality and to foster the systematic pursuit of improvement in the quality of engineering education that satisfies the needs of constituencies in a dynamic and competitive environment." The FE exam, on the other hand, mandates examinees answer questions in eight separate technical areas of civil engineering (seven areas if structural analysis and structural design are considered one area). Therefore, not only does the FE exam prescribe the areas, but also the number of areas is nominally double the minimum number of areas required for accreditation. To support this observed misalignment and its effect on test-taker performance, recall from Table 3 that the performance of civil engineering FE exam test takers appears to be very comparable to the performance of test takers of the other discipline exams on common topic areas. Therefore, it is appropriate to conclude that the lower pass rate on the civil engineering FE exam is related to the lower performance of examinees on the breadth of civil engineering technical topic areas.
Compounding this is how civil engineering design is included in the FE exam versus how it is handled in both the BOK and ABET accreditation criteria. BOK Outcome 9 expects graduates to "design a system or process to meet desired needs within such realistic constraints as economic, environmental, social, political, ethical, health and safety, constructability, and sustainability." The ABET Civil Engineering Program Criteria similarly requires the curriculum to prepare graduates to "design a system, component, or process in at least two civil engineering contexts" and to "include principles of sustainability in design." The FE exam, on the other hand, explicitly includes design in materials, structures, and transportation. An obvious mismatch exists as the BOK and ABET do not prescribe specific areas of design experience or preparation while the FE exam requires design in multiple specific areas.
Overall, civil engineering FE exam takers are put into a disadvantaged position because of the identified weak alignments between what is expected of academic programs for their graduates and what is expected of these same graduates on the FE exam. The fact is no exam taker -or at least very few -would be adequately prepared and have confidence in answering questions in the full breath of civil engineering technical topic areas, including the breadth of specific design topics, on the FE exam. It follows that exam takers may likely become concerned they are inadequately prepared or that their program of study did not fully prepare them to be successful on the FE exam. This, in turn can potentially lead to test anxiety and a reduced level of performance in all knowledge and skill areas, both those considered to be an area of strength of an exam taker and those to be considered areas of weakness.
9 Therefore, since civil engineering programs are not required or expected to cover the full breadth of civil engineering technical areas or the specific areas of design that are included in the FE exam, exam takers may advertently be put in a position that does not allow them to fully, adequately, or accurately demonstrate their engineering knowledge and skills.
Recommendations
Should ASCE's BOK and ABET's criteria prescribe specific areas of civil engineering and design to be included in an undergraduate civil engineering program and then work with NCEES to limit the FE exam to these same areas? Should the format of the civil engineering FE exam be modified to allow the flexibility reflected in current ABET accreditation criteria, the BOK, and the diversity of today's civil engineering professional practice? Or should nothing be done, accepting the current status as appropriate for the profession?
First off, it must be recognized that with the many constraints and requirements placed on today's civil engineering programs -including regional accreditation requirements, institutional general education requirements, as well as ABET accreditation requirements -it would be impossible to expect all programs to cover the full breadth of civil engineering topic areas currently included in the FE exam, including the specific areas of civil engineering design covered in the FE exam. Furthermore, to do so would be highly prescriptive and would severely limit the flexibility that has long been afforded and expected of civil engineering programs by ABET to work with their constituency groups in defining their program objectives, outcomes and curriculum. Finally, prescribing the full breadth would be, in the very least, fiscally challenging to most civil engineering programs.
While the BOK, ABET accreditation criteria and the FE exam are administered by different organizations, a reasonable level of alignment should be achievable because of common constituency groups shared by these three organizations. Based on this assumption and the evaluations presented herein, the following recommendations are made regarding the ASCE BOK, ABET accreditation, and the FE exam:
Recommendations for the ASCE BOK. The BOK defines the knowledge, skills and attitudes expected of an individual "entering the practice of civil engineering at the professional level" (to be a licensed professional engineer). However, licensure is not specifically included within any of the BOK outcomes. It is recommended that an awareness of the importance of professional licensure and, specifically, knowledge of the licensure process, content and expectations for passing the FE and PE exams, and the expectations and requirements for pre-licensure experience be explicitly included in the BOK, either as a separate outcome or as part of a revised existing outcome. Owing to the importance of licensure to the profession, the preferable option is to include it as a separate, stand-alone outcome.
Recommendations for ABET accreditation criteria. It is interesting to note that licensure is not explicitly included in the general criteria and is explicitly included in only 2 of the 28 separate program criteria; civil engineering and construction engineering criteria both include the requirement for the curriculum prepare graduates to "explain the importance of professional licensure." While it is recognized that viewpoints regarding the importance of and need for professional licensure varies by discipline, it seems part of any engineering program should include providing students/graduates with a general understanding and awareness of professional licensure within engineering. It is recommended that professional licensure, in an appropriate manner applicable to all disciplines, be included in the general criteria. The preferable option would be to include it as a student outcome under General Criterion 3; alternatively it could be included as a curricular requirement within General Criterion 5.
Recommendations for the FE exam. The misalignment identified between what is expected of civil engineering programs for their graduates and what is expected of civil engineering graduates through the FE exam is significant and has the potential of negatively impacting testtaker performance on the exam. It is recommended that the FE exam change such that it is better aligned with current ABET accreditation criteria and the BOK. Specifically, one option would be to allow examinees to, either prior to or at test time, simply select four of the current civil engineering topic areas (hydraulics and hydrologic systems, structural analysis, structural design, geotechnical engineering, transportation engineering, environmental engineering, construction, and surveying) for which they wish to answer questions. Additional questions would need to be assigned and answered within the areas selected by the test taker so as to maintain a total of 110 questions. Design questions may be still included within the topic areas because test-takers should be able to demonstrate their abilities and knowledge of design within at least two of their selected topic areas. Allowing students to select their own areas of focus should be easily accomplished within the computer-based testing environment. 
